Abstract. The research made in the field of recording materials for holographic applications has yielded to materials of improving quality. Photographic emulsions have played an important role in this investigation, since although this is the first material used for recording purposes, there are a series of characteristics that convert the photographic emulsion in a very interesting material for holographic recording. In this work we will present the optimisation of a reversal bleaching process. This process has been largely used for Agfa 8E75 HD emulsions, but there is still a significant lack of information about it when used with BB-640 emulsions. There are some differences between BB-640 and Agfa 8E75 HD emulsions such as the degree of hardening of the gelatin, the mean grain size or the emulsion thickness. These differences must be taken into account in order to use the same chemical procedures commonly used for Agfa plates with BB-640 ones. For instance, one of these differences, the mean size of the silver halide grains present in the emulsion, influences directly in the scattering of the final hologram recorded in the emulsion. It will be demonstrated that the use of ultra-fine grained emulsions, such as BB-640, allows obtaining holograms with high diffraction efficiencies and low absorption and scattering. In particular, in this work a reversal bleach procedure will be optimised for diffraction gratings recorded with different spatial frequencies on BB-640 emulsions.
Introduction
In this moment, holography is increasingly important in differents fields of optical technology and many types of holograms are now being used for scientific and technical applications, such as holographic storage [1] and holographic optical elements [2] . Volume phase holograms [3] are attractive for these applications because of their high potential efficiencies and high information densities. Numerous recording materials [4] have been used or analyzed as recording media for holographic applications. Silver halide emulsions [5] are one of the most widely used recording material for making volume holograms because of their high sensitivity and ease of handling. A photographic emulsion consists of fine grain silver halide crystals suspended in a gelatin base, which provides cohesion.
Volume holograms recorded in silver halide emulsions are commonly bleached to obtain phase holograms in order to increase diffraction efficiency. By using this technique chemical reactions are induced on the metallic silver present inside the emulsion, after the development process has taken place. Depending on the nature of these reaction, the bleaching techniques can be broadly classified into three categories: direct or rehalogenating bleaching [6] , fixation-free rehalogenating bleaching [7] , and reversal or solvent bleaching [8] . In this work we have considered the last of these kinds of [5] . The basic effect of a reversal bleaching is to remove the silver halide grains in the exposed zones, remaining the unexposed silver halide grains. The refractive index modulation is then established from the unexposed to the exposed zones and then, the original, unexposed silver-halide crystals are used to create the image at the reconstruction of the hologram. This is particularly interesting for ultra-fine grained emulsions such as BB-640 emulsions, since low scattering holograms can be obtained by using these plates. BB-640 silver halide emulsions [9, 10] were initially manufactured by Holographic Recording Technologies in Germany, even though they are now being manufactured by another comoany, Colourholographics, in England.
In this work we have processed transmission diffraction gratings recorded on BB-640 photographic plates with a reversal bleach bath. The influence on the diffraction efficiency of some experimental parameters is discussed. In particular, the effects of the bleach bath time variation and the relative potassium dichromate and sulphuric acid concentrations on the diffraction efficiency is studied.
Experimental
Experiments were carried out on red sensitive BB-640 silver halide photographic plates. Unslanted holographic transmission gratings were recorded by using two collimated beams from a 15 mW HeNe (633 nm), with the polarization vector perpendicular to the plane of incidence. The two beams of equal intensity, impinged on the emulsion, forming an angle (in air) of 45º. With the geometry described, the spatial frecuency of the gratings was calculated as ~1200 lines mm -1 . The plates were hypersensitized by immersing them in a solution of distilled water with a sodium sulphite concentration of 1% and urea concentration of 5% (by weight) for 10 min at 20ºC. After a rinse in running water for 1 min at 20ºC the plates were dried for 24 h at 20ºC and 60% RH. The urea of this solution softens the gelatin, and the sensitivity of the emulsion is also increased [11] . Different areas of the plates were exposed to different energies, with exposures times approaching a logarithmic scale. After exposure they were processed with AAC developer, which contained 18 gr/l of ascorbic acid and 60 gr/l of sodium carbonate [5] . The chemical procedure used in our experiments after the plates are developed is presented in Table 1 . The diffraction efficiency (DE) of the recorded volume holograms was calculated as the ratio of the diffracted beam intensity to the incident collimate probe-beam intensity of the He-Ne laser. In order to take into account Fresnel losses this expression was corrected by an appropriate factor. The efficiency of the zero-order (TE) was similarly calculated as the ratio of the directly transmitted beam intensity to the incident power and was corrected by the same factor. Fig. 1 shows the results of the diffraction and transmission efficiency versus the exposure for plates bleached using a reversal bleach bath. It can be seen from the figure that the best results were obtained for two gratings, with a peak diffraction efficiency over 90%. Fig. 2 shows the coefficient of absorption and scattering as a function of the exposure for the same holograms. In order to obtain 
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Study of the diffraction efficiency when the time of the bleach bath was varied.
After exposure, the BB-640 plates underwent the schedule procedure aforementioned. The plates were bleached with the procedure of Table 1, but the bleach bath time was modified. The bleaching times were varied between 4 and 10 min, with intervals of 2 min. Fig. 3 shows the maximum diffraction efficiency as a function of the bleaching time. The peak diffraction efficiencies were obtained for 4 and 8 min, 84% and 90%, respectively. Fig. 4 shows the diffraction efficiencies for these times.
Study of the diffraction efficiency when the concentrations in the bleach solution were modified. After having optimised the bleaching time of the reversal bleach bath, the influence of the concentrations of the different components of the solution (potassium dichromate and sulphuric acid) in the diffraction efficiencies, were studied. The time used was of 8 min in this case, since for this time the best results were obtained. The concentration of potassium dichromate (Table 1) was modified between to 0.6 and 1.0 g in 1 litre of distilled water. The best response of the diffraction efficiency as a function of the exposure corresponds to 1.0 g of potassium dichromate. These results improve the obtained ones with the initial bleach in 2.6%. Study of the diffraction efficiency when the concentrations in the bleach solution were modified. After having optimised the bleaching time of the reversal bleach bath, the influence of the concentrations of the different components of the solution (potassium dichromate and sulphuric acid) in the diffraction efficiencies, were studied. The time used was of 8 min in this case, since for this time the best results were obtained. The concentration of potassium dichromate (Table 1) was modified between to 0.6 and 1.0 g in 1 litre of distilled water. The best response of the diffraction efficiency as a function of the exposure corresponds to 1.0 g of potassium dichromate. These results improve the obtained ones with the initial bleach in 2.6%. On the other hand, the concentration of sulphuric acid (Table 1) 
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